Introduction {#Sec1}
============

The 2013 Global Burden of Disease report identified that, in both developing and developed countries, major depressive disorder (MDD) now ranks as the second highest cause of years of life lost due to disability (YLD) \[[@CR1]\]. Depression is an important public health problem and is estimated to affect more than 300 million people worldwide \[[@CR2]\]. Furthermore, depression is frequently comorbid with anxiety disorders \[[@CR3]\] which also represents a large burden to society as it is the sixth leading cause of disability in terms of YLDs \[[@CR4]\].

There are indications that a healthy diet may play a protective role in the development, progression and treatment of depression. Meta-analyses of cross-sectional and longitudinal observational studies have shown that adherence to a healthy diet is inversely associated with the severity of depressive symptoms \[[@CR5]--[@CR8]\]. One of the most frequently used measure of a healthy diet is the Mediterranean diet score (MDS) \[[@CR9]\]. The MDS combines the intake of 11 food groups into a summary score reflecting the level of adherence to a Mediterranean diet. Two meta-analysis found that Mediterranean diet score is more strongly associated with depressive symptoms compared to other dietary scores \[[@CR6], [@CR7]\]. Furthermore, a recent randomised controlled trial in 152 depressed patients indicates that adherence to a Mediterranean diet supplemented with fish oils can reduce depressive symptoms \[[@CR10]\].

Analysing the overall dietary pattern, as these prior studies have done, has the benefit of evaluating the potentially synergistic effect of different food groups combined. However, studies focusing on diet quality score also have limitations. The main disadvantages are (1) if the overall effect of the Mediterranean diet on depression is mostly due to a specific food group, then this effect would be diluted, and (2) although participants may have the same MDS, it does not necessarily mean that the combination and amounts of food groups consumed are the same. Thus, we do not know whether the association between the MDS and depression arises from all components or if it is driven by one or few key food groups within this score. Previous studies focusing on single food groups have provided some evidence that high fish \[[@CR11]\], fruit and vegetables \[[@CR12]\] and fibre intake \[[@CR13]\] in isolation are associated with lower depressive symptoms. However, analysing individual food groups in isolation has limitations as the role of these individual components is investigated without considering the complexity of a whole diet pattern \[[@CR14]\]. Consumption of certain food groups are often correlated \[[@CR15]\] (e.g., fruit often with vegetables, or fat with sugar). Thus, it would be interesting to know which component(s) of the diet, if any, has the largest association with depression/anxiety both individually and in combination with other dietary components.

To our knowledge four previous mental health focused papers have examined multiple food groups both independently and in combination \[[@CR16]--[@CR19]\]. Results from these papers showed that vegetables, fruit, high fibre, meat, fish, low fat dairy, elevated polyunsaturated fat/saturated fat ratios and low trans-fat were negatively associated with depression, and sugar-sweetened beverages, fast food, snacks and sweets were positively associated with depressive symptoms. All four studies found that, after correction for other food groups, fruit and vegetables remained independently associated with depressive symptoms. Other food groups that were also found to be independently associated with depression were trans-fat intake (in women) \[[@CR16]\], snacks/sweets/cookies/fast food \[[@CR17]\], meat intake (in women) \[[@CR18]\], and low fat dairy and non-refined grains \[[@CR19]\]. Thus, there appears to be fairly consistent evidence that low intakes of fruit and vegetables are associated with depressive symptoms, although, the evidence for other food groups is inconsistent. These present studies are limited in their inability to assess clinically diagnosed depression, their restricted populations (university students/white collar civil servants) and their neglect of depression's comorbidity with anxiety.

The current study analyses a clinical population, which includes persons with current and remitted depression as well as those with anxiety, has several benefits. Firstly, classifying persons as depressed using self-report symptomatology scales can lead to misclassification of depression status due to the overlapping nature of some of symptoms with somatic illnesses. For example, one meta-analysis examining diet quality and depression only included 9 out of 29 studies using standardized diagnostic interviews to ascertain DSM diagnoses \[[@CR5]\]. Secondly, anxiety disorders, which are highly comorbid with depression, are also related to dietary intake \[[@CR20]\], have been much less examined. Finally, in comparison to current depression, having a history of depression has been associated with healthier dietary intake \[[@CR21]\]. It would, therefore, be useful to know whether dietary patterns of those with a history of depression differ from that of healthy controls. Although the relationship between a healthy diet and a lower severity of depressive symptoms has previously been established it would be advantageous to establish whether it is the dietary quality as a whole that is important, or whether the relationship is driven by certain components. As dietary intake is a modifiable risk factor, a more detailed understanding of the relationship between dietary intake and depression and anxiety may provide an extra tool with which clinicians can prevent or treat patients with depression and anxiety disorders.

We have previously shown that poorer diet quality as operationalized by the Mediterranean Diet Score was associated with depressive and anxiety disorders \[[@CR20]\]. The aim of the current study, therefore, is to examine the association between the individual food groups which make up the Mediterranean diet with depressive and anxiety (symptom severity and diagnosis) in adults. These food groups will be examined in isolation and in combination with each other to establish which dietary components are independently related to depression and/or anxiety diagnoses and symptom severity.

Methods {#Sec2}
=======

Source population {#Sec3}
-----------------

The data was sourced from the Netherlands Study of Depression and Anxiety (NESDA) an ongoing longitudinal cohort study designed investigating the course trajectories and consequences of depressive and anxious subjects. The baseline sample consists of 2981 patients \[of which 2329 (78%) with a lifetime depressive or anxiety disorder\] aged 18--65 years of whom 1979 (66.4%) were female. Patients were recruited in three different Dutch regions from the general population, in general practice and in mental health organisations. General exclusion criteria were an inability to speak Dutch and a primary diagnosis of psychotic, obsessive compulsive, bipolar or severe addiction disorder.

In-depth 4-h interviews in which mental health status, anthropometric measurements, biological measurements and lifestyle factors were assessed at baseline and follow-up which occurred at 2-, 4-, 5- and 9-year intervals. The 9-year assessment included a food frequency questionnaire (FFQ). All participating patients completed written informed consent forms and the research protocol was approved by the Ethical Committee of the participating university. Further details of the NESDA study can be found elsewhere \[[@CR22]\].

Study population {#Sec4}
----------------

The 9-year follow-up assessment was conducted in 2069 persons. For the present study we included those participants who completed the FFQ (*n* = 1671). Of these, 37 participants were excluded due to improbable energy intake (females: \< 500 kcal, \> 3500 kcal and males: \< 800 kcal, \> 4000 kcal \[[@CR23]\]) leaving a total sample of 1634. Of the 9-year follow-up participants, those excluded from the current analyses were more likely to be male, younger, less educated and have a higher severity of depression but not anxiety.

Depressive and anxiety disorder {#Sec5}
-------------------------------

At each assessment the presence of a DSM-IV depressive \[major depressive disorder (MDD), dysthymia\] or anxiety disorder (social phobia, agoraphobia, general anxiety disorder and panic) was established using the Composite International Diagnostic Interview (CIDI) version 2.1 \[[@CR24]\]. At the 9-year follow-up assessment participants were classified as controls (no lifetime history of depressive or anxiety disorder), current disorder (6-month recency of depressive or anxiety disorders), or remitted disorder (lifetime diagnosis of depressive or anxiety disorder but no current disorder).

Additionally, the severity of symptoms was measured. Depressive symptoms were measured with the 30-item Inventory of Depressive Symptomatology---Self Report (IDS-SR, range 0--84) \[[@CR25]\]. The severity of anxiety arousal symptoms was measured using the 21-item Beck Anxiety Inventory (BAI, range 0--63) \[[@CR26]\] and the severity of agoraphobia and social phobia with the 15-item Fear Questionnaire (score range 0--120) \[[@CR27]\].

Dietary assessment {#Sec6}
------------------

Dietary intake was assessed with a 238-item, semi-quantitative FFQ which was based on a validated ethnic Dutch FFQ \[[@CR28]\]. The FFQ asked about the frequency, amount and type of food eaten in the past month. Using the Dutch Food Composition Table 2014 \[[@CR29]\], daily intakes (g/day) of the 238 food items were calculated. Population medians were imported for missing amounts. Likewise, missing product sort (e.g., full-fat, semi-skimmed or skimmed milk) was replaced with distributions reflecting the population median. The total number of missing items was 1929 (0.6%). The FFQ also included the option to add additional food items consumed within the last week that were not included in the questionnaire. These items were manually re-categorised to comparable food items where possible. Each manual adjustment was made by consensus of two nutritional scientists.

The following 11 food groups (in g/day) were made based on the food groups from the Mediterranean diet score \[[@CR30]\]: fruit, vegetables, non-refined grains, legumes, fish, potatoes, olive oil (positively scored), high fat dairy, red and processed meat, poultry (negatively scored). Furthermore, because within the MDS moderate alcohol consumption receives the optimum score and extreme consumptions receive a score of 0, we treated alcohol consumption as a categorical variable. Three categories were non-drinkers (\< 36 g ethanol/day), moderate drinkers (≥ 36, \< 82 g ethanol/day = reference) and heavy drinkers (≥ 82 g ethanol/day). The overall MDS score was also calculated.

Other variables {#Sec7}
---------------

Covariates were selected a priori based on findings from other studies. Gender, age, years of education, partner status (married/living together, single/separated/divorced), smoking status (current, never, former) and physical activity were included as potentially confounding variables. Physical activity during the past week was measured at the 9-year follow-up with the International Physical Activity Questionnaire (IPAQ) and expressed as 1000 MET min/week \[[@CR31], [@CR32]\]. Missing values for physical activity (*n* = 124, 7.5%) were imputed using multiple imputation. Five imputations were made and pooled results of the five separate analysis were used.

Antidepressant used in the previous month were asked during interview and classified according to the Anatomical Therapeutic Chemical (ATC) classification. Use of antidepressants was considered when taken at least 50% of the time.

Statistical analysis {#Sec8}
--------------------

The analyses were conducted using SPSS 22 (IBM Corp., Armonk, NY, USA). Statistical significance was set at *p* \< 0.05. Socio-demographic characteristics were described using frequencies and means (medians for non-normally distributed variable). Distributions of the 11 food groups, the MDS and total energy intake were also described.

Separate linear regression models were used to estimate the association of energy intake, the MDS and each of the 11 food groups (continuous g/day and alcohol categories), with depression, anxiety arousal and fear severity (continuous standardised IDS, BAI and FEAR, respectively). To mitigate the effect of differential total intakes due to differing energy needs, which varies according to body size, metabolic efficiency, and physical activity, MDS and food groups were adjusted for energy intake using the energy adjustment method \[[@CR33]\]. Thus, residuals were calculated for MDS and the 11 food groups by regressing the MDS/food group as dependent variables against total energy intake (kcal/day) as the independent variable. The utilisation of residuals can be conceptualised as the substitution of that particular food group for a similar number of calories from another food source \[[@CR23]\]. The residuals from the linear regression analysis were subsequently standardised to enable comparability among food groups, and used in the analyses. As dietary intake and depression are known to be influenced by partner status, the level of education, and other lifestyle factors, we tested two statistical models. The basic model, which included adjustment for age, gender, and years of education, estimates the fundamental relationship between food groups and depression/anxiety accounting for non-modifiable or relatively stable social demographic factors. The fully adjusted model (i.e., age, sex, education, partner status, smoking status, and physical activity) was additionally adjusted for modifiable characteristics. The associations between having current depression or anxiety, or remitted depression or anxiety compared to controls was analysed using multinomial logistic regression analyses. Again, both basic and fully adjusted models were tested. To enable easier interpretation of the magnitude of the relationships between food groups and depression/anxiety, effect sizes were calculated in fully adjusted models using Pearson's correlations coefficients for linear models and Cohen's *d*, defined as the difference in the means between current or remitted diagnosis and controls, divided by the pooled standard deviation of these groups.

To assess the independent effect of any given food groups, a multivariable regression analysis entering all 11 food groups into one fully adjusted model was also performed. Likely, the consumption of certain food groups are correlated with other food groups. Hence, we first examined the correlation (Spearman rho) between food groups and levels of collinearity \[variance inflation factor (VIF) and tolerance\]. The largest correlation was observed between fruit and vegetables (Spearman rho = 0.34). As the average VIF's were not substantially above 1, and the maximum VIF was not greater than 10 (max VIF = 1.34) \[[@CR34], [@CR35]\] and tolerance levels were not below 0.2 (lowest tolerance was 0.746) we considered multicollinearity not to be a problem. Correction for multiple testing was done for all models using the modified False Discovery rate (Benjamini and Hochberg 1995) method \[[@CR36]\].

To negate the potential effect that antidepressant use may have on food intake, a sensitivity analysis was performed excluding persons taking antidepressants known to affect appetite, namely tricyclic antidepressants (TCA) and mirtazapine \[[@CR37]\].

Finally, the effect modification of the association between the food groups, MDS score and energy intake by sex was examined. However, as no significant interactions (*p*'s \> 0.10) were found the models were not stratified by sex.

Results {#Sec9}
=======

Of the 1634 participants, 414 (25.3%) were diagnosed with a current anxiety or depressive disorder, 886 (52.4%) with a remitted disorder and 334 (20.4%) had no lifetime history of anxiety and depressive disorders. Females made up 67.8% of the participants and the average age was 52.0 years (SD 13.2) (Table [1](#Tab1){ref-type="table"}). The average daily energy intake was 2143 kcal \[Standard deviation (SD) 603\] and participants scored a mean of 32.7 (SD 4.9) on the MDS.

Table 1Descriptive characteristics and dietary intake of NESDA participantsCharacteristicTotal population *n* = 1634Age (mean, SD)52.0(13.2)Female (*n*, %)1108(67.8)Education (years), (mean, SD)13.1(3.3)Smoking status (*n*, %) Never550(33.7) Current380(23.3) Former704(43.1)Partner Status (*n*, %) Single/divorced/separated/widowed814(49.8) Married/Living together820(50.2)Physical activity 1000 MET mins/week (mean, SD)3.8(3.2)IDS depression score (median, IQR)11.0(6.0--21.0)BAI anxiety score (median, IQR)5.0(1.0--11.0)FEAR phobia score (median, IQR)10.0(3.0--23.0)Disorder status (*n*, %) Control334(20.4) Remitted depression/anxiety886(54.2) Current depression/anxiety414(25.3)Energy intake (kcal) (mean, SD)2143.6(602.9)Total MDS score32.7(4.9)Non-refined grains, g/day (median, IQR)127.5(85.3--178.5)Vegetables, g/day (median, IQR)158.9(105.1--223.6)Fruit, g/day (median, IQR)163.9(75.5--253.8)Fish, g/day (median, IQR)16.1(7.7--30.0)Olive Oil, g/day (median, IQR)3.7(0.1--7.3)Red and processed meat, g/day (median, IQR)54.0(30.1--83.9)Potatoes, g/day (median, IQR)51.1(25.1--86.4)Legumes and soya, g/day (median, IQR)24.3(11.0--46.4)High fat dairy, g/day (median, IQR)71.1(30.5--134.8)Poultry, g/day (median, IQR)11.4(7.1--25.1)Alcohol consumption (*n*, %) Non-drinker331(20.3) Heavy drinker14(0.9) Moderate drinker1289(78.9)*SD* standard deviation, *IQR* inter quartile range, *IDS* Inventory of Depression Symptomology, *BAI* Beck Anxiety Inventory, *MDS* Mediterranean diet score

Table [2](#Tab2){ref-type="table"} presents the association of total energy intake, MDS and food group intake residuals with the severity of depression and anxiety symptoms. After adjustment for age, sex and education and taking multiple testing into account, higher MDS score, and higher consumption of non-refined grain, vegetables, and fruit (for FEAR score only) were significantly associated with lower standardised IDS, BAI and FEAR scores. Non-drinking (compared to moderate drinking) was also significantly associated with higher IDS and BAI. Higher energy intake was significantly associated with BAI. Of all food characteristics, the overall MDS score had the strongest association \[IDS = standardised beta (*β*) − 0.13 95% confidence intervals (95% CI) − 0.18, − 0.08 and BA I = *β* − 0.11 95% CI − 0.16, − 0.06, FEAR = *β* − 0.08 95% CI − 0.13, − 0.03). The comparative effect sizes (standardised beta-coefficients) were IDS: *r* − 0.11, 95% CI − 0.17, − 0.06, BAI *r* − 0.09 95% CI − 0.14, − 0.04 FEAR: *r* 0.06 95% CI 0.01, 0.12 (Supplementary Table 1). Of the individual food groups, non-refined grains intake (IDS: *β* − 0.10 *r* − 0.10, 95% CI − 0.15, − 0.05, BAI: *β* − 0.07 *r* − 0.06, 95% CI − 0.12, − 0.02), vegetables intake (FEAR: *β* − 0.11 *r* − 0.01, 95% CI − 0.16, − 0.06) and being a non-drinker (vs. Moderate drinker IDS: *β* 0.09 *r* 0.10, 95% CI 0.04, 0.14, BAI: *β* 0.08 *r* 0.08, 95% CI 0.03, 0.13) showed the strongest associations. Post-hoc analysis, using the residual of only the vegetable and grain components of the MDS score, showed that the *β*-coefficients were larger than that of the total MDS score for depressive and anxiety symptoms (*β*-coefficients of − 1.43, − 1.14 and − 0.10, respectively for IDS, BAI and FEAR versus − 1.28, − 1.07 and − 0.09).The *β*-coefficients for clinical diagnosis were the same for both the total score and partial score. Additional adjustment for modifiable lifestyle factors, namely partner status, physical activity, and smoking status did not change these results substantially (Table [2](#Tab2){ref-type="table"} and Supplementary Fig. 1).

Table 2Separate association between standardized food group residuals, energy and MDS with the standardised severity of depression (IDS), anxiety (BAI) and phobias (FEAR)IDS Score (*n* = 1616)BAI (*n* = 1612)FEAR (*n* = 1613)Model 1Model 2Model 1Model 2Model 1Model 2*β*95% CI*p* value*β*95% CI*p* value*β*95% CI*p* value*β*95% CI*p* value*β*95% CI*p* value*β*95% CI*p* valueEnergy (kcal/day)0.05(0.00, 1.10)0.070.06(0.00, 1.11)0.02**0.07(0.02, 0.12)0.010.08(0.03, 0.13)**\< **0.01**0.06(0.01, 1.10)0.03**0.07(0.02, 1.12)0.01**MDS Score**− 0.13(− 0.18, − 0.08)**\< **0.01− 0.12(− 0.17, − 0.07)**\< **0.01− 0.11(− 0.16, − 0.06)**\< **0.01− 0.09(− 0.14, − 0.04)**\< **0.01− 0.08(− 0.13, − 0.03)**\< **0.01− 0.08(− 0.13, − 0.03)**\< **0.01**Food group residuals Non-refined grains**− 0.10(− 0.15, − 0.05)**\< **0.01− 0.09(− 0.14, − 0.05)**\< **0.01− 0.07(− 0.12, − 0.02)**\< **0.01− 0.06(− 0.11, − 0.01)0.01−** 0.02(**−** 0.07, **−** 0.03)0.52**−** 0.01(**−** 0.06, **−** 0.03)0.65 Vegetables**− 0.07(− 0.12, − 0.02)0.01−** 0.06(**−** 0.11, **−** 0.01)0.03**− 0.06(− 0.11, − 0.01)0.01−** 0.05(**−** 0.10, **−** 0.00)0.04**− 0.11(− 0.16, − 0.06)**\< **0.01− 0.10(− 0.15, − 0.05)**\< **0.01** Fruit**−** 0.05(**−** 0.10, 0.00)0.04**−** 0.04(**−** 0.09, 0.01)0.14**−** 0.02(**−** 0.07, 0.03)0.480.00(**−** 0.05, 0.05)0.96**− 0.09(− 0.14, 0.04)**\< **0.01− 0.08(− 0.13, 0.03)**\< **0.01** Fish**−** 0.03(**−** 0.07, 0.02)0.30**−** 0.02(**−** 0.07, 0.03)0.35**−** 0.04(**−** 0.08, 0.01)0.15**−** 0.04(**−** 0.08, 0.01)0.16**−** 0.05(**−** 0.10, 0.00)0.05**−** 0.05(**−** 0.09, 0.00)0.06 Olive oil**−** 0.02(**−** 0.07, 0.03)0.34**−** 0.02(**−** 0.07, 0.03)0.37**−** 0.02(**−** 0.07, 0.03)0.39**−** 0.02(**−** 0.07, 0.03)0.42**−** 0.02(**−** 0.07, 0.03)0.39**−** 0.02(**−** 0.07, 0.03)0.39 Red and processed meat^a^**−** 0.02(**−** 0.07, 0.03)0.42**−** 0.02(**−** 0.07, 0.03)0.36**−** 0.02(**−** 0.07, 0.03)0.46**−** 0.03(**−** 0.07, 0.02)0.310.00(**−** 0.05, 0.05)0.970.00(**−** 0.05, 0.05)0.88 Potatoes**−** 0.02(**−** 0.07, 0.03)0.47**−** 0.02(**−** 0.07, 0.03)0.50**−** 0.05(**−** 0.10, 0.00)0.06**−** 0.05(**−** 0.10, 0.00)0.060.02(**−** 0.03, 0.07)0.340.02(**−** 0.03, 0.07)0.38 Legumes and soya**−** 0.01(**−** 0.06, 0.04)0.63**−** 0.02(**−** 0.06, 0.03)0.500.00(**−** 0.05, 0.05)0.970.00(**−** 0.05, 0.05)0.970.03(**−** 0.02, 0.08)0.180.03(**−** 0.02, 0.08)0.20 High fat dairy^a^0.02(**−** 0.03, 0.06)0.510.01(**−** 0.04, 0.06)0.650.02(**−** 0.02, 0.07)0.310.02(**−** 0.03, 0.07)0.410.00(**−** 0.04, 0.05)0.860.00(**−** 0.04, 0.05)0.90 Poultry^a^0.03(**−** 0.01, 0.08)0.170.04(**−** 0.01, 0.08)0.140.01(**−** 0.04, 0.06)0.680.01(**−** 0.04, 0.06)0.660.01(**−** 0.04, 0.06)0.720.01(**−** 0.04, 0.06)0.66 Heavy drinker^a^**−** 0.01(**−** 0.06, 0.03)0.54**−** 0.02(**−** 0.07, 0.03)0.430.01(**−** 0.04, 0.06)0.680.00(**−** 0.04, 0.05)0.870.00(**−** 0.05, 0.05)0.990.00(**−** 0.05, 0.05)0.92 Non-Drinker^a^**0.09(0.04, 0.14)**\< **0.010.09(0.05, 0.14)**\< **0.010.08(0.03, 0.13)**\< **0.010.08(0.03, 0.13)**\< **0.01**0.06(0.01, 0.11)0.030.06(0.01, 0.11)0.02Model 1: age, sex, education (years)Model 2: Model 1 + partner status, physical activity, smoking statusBold: significant after correction for multiple testing^a^In the MDS these items are negatively scored, meaning that the direction of association is expected to be the opposite (*b* \< 0) of the other food groups

A higher MDS score was significantly associated with lower odds of having a current disorder compared to controls after adjustment for multiple testing in the basic model \[odds ratio (OR) 0.77, Cohen's *d* − 0.07 95% CI 0.66, 0.90\] (Table [3](#Tab3){ref-type="table"}and supplementary Fig. 2). Although higher energy intake was associated with having a current disorder, it did not reach statistical significance after allowance for multiple testing. Of the individual food groups, a higher intake of non-refined grains was significantly associated with lower odds of a current disorder, and being a non-drinker had significantly higher odds of having a current disorder compared to moderate drinking. Again, the odds ratios only changed marginally after additional adjustment for lifestyle factors (Table [3](#Tab3){ref-type="table"}). Those with a remitted disorder did not differ significantly in food intake from controls.

Table 3Association between standardized food group residuals, energy intake and MDS with current depression/anxiety and remitted depression/anxiety compared to controls (*n* = 1634)Remitted anxiety/depression compared to controlsCurrent anxiety/depression compared to controlsModel 1Model 2Model 1Model 2Odds ratio95% CI*p* valueOdds ratio95% CI*p* valueOdds ratio95% CI*p* valueOdds ratio95% CI*p* valueEnergy (kcal/day)1.08(0.94--1.24)0.261.07(0.93--1.23)0.361.17(1.00--1.37)0.051.19(1.01--1.39)0.04MDS Score0.96(0.84--1.10)0.540.98(0.85--1.12)0.750.77**(0.66--0.90)**\< **0.010.80(0.68--0.93)**\< **0.01**Food group residuals Non-refined grains0.88(0.78--1.00)0.050.92(0.81--1.04)0.19**0.83(0.72--0.96)0.01**0.86(0.74--1.00)0.05 Vegetables1.05(0.92--1.20)0.461.05(0.92--1.20)0.460.86(0.74--1.01)0.060.88(0.75--1.03)0.11 Fruit0.95(0.84--1.08)0.480.98(0.86--1.12)0.790.84(0.72--0.98)0.030.88(0.75--1.02)0.10 Fish0.99(0.87--1.12)0.850.97(0.86--1.11)0.690.97(0.84--1.13)0.700.97(0.83--1.12)0.67 Olive oil1.09(0.95--1.24)0.221.08(0.94--1.23)0.290.99(0.85--1.16)0.910.99(0.84--1.15)0.87 Red and processed meat^a^0.98(0.86--1.11)0.700.96(0.85--1.10)0.590.92(0.79--1.07)0.260.91(0.78--1.05)0.20 Potatoes0.97(0.85--1.11)0.660.99(0.87--1.13)0.900.92(0.79--1.07)0.290.94(0.80--1.09)0.39 Legumes and soya1.04(0.91--1.18)0.581.04(0.91--1.19)0.551.04(0.90--1.21)0.581.04(0.89--1.20)0.63 High fat dairy^a^0.95(0.84--1.08)0.460.95(0.84--1.08)0.461.00(0.87--1.16)0.980.99(0.86--1.15)0.92 Poultry^a^1.05(0.92--1.20)0.471.05(0.92--1.21)0.441.10(0.95--1.27)0.221.11(0.95--1.29)0.19 Heavy drinker0.94(0.84--1.05)0.300.93(0.83--1.04)0.190.96(0.83--1.10)0.530.94(0.82--1.08)0.38 Non-drinker1.03(0.89--1.19)0.681.07(0.93--1.23)0.36**1.22(1.04--1.42)0.011.25(1.07--1.46)**\< **0.01**Model 1: age, sex, education (years)Model 2: Model 1 + partner status, physical activity, smoking statusBold: significant after correction for multiple testing^a^In the MDS these items are negatively scored, meaning that the direction of association is expected to be the opposite (OR \< 1) of the other food groups

Combining all the food groups into one (fully adjusted) model showed a similar pattern to the analysis of individual food groups. Thus, higher consumption of non-refined grains was associated with lower IDS and BAI severity scores and being a non-drinker was associated with higher scores, whilst higher vegetable consumption was associate with lower FEAR score (Table [4](#Tab4){ref-type="table"}). Both higher non-refined grain consumption and being a non-drinker remained significantly associated with having a current disorder after correction for multiple testing (Table [5](#Tab5){ref-type="table"}).

Table 4The association between standardized food group residuals with the standardized severity of depression (IDS), anxiety (BAI) and FEAR cor**r**ected for all other food groups (*n* = 1634)Food group residualsIDS Score (*n* = 1616)^a^BAI (*n* = 1612)^a^FEAR (*n* = 1613)^a^*β*95% CI*p* value*β*95% CI*p* value*β*95% CI*p* valueNon-refined grains**− 0.11(− 0.16, − 0.06)0.00− 0.07(− 0.12, − 0.02)0.01−** 0.02(**−** 0.07, 0.03)0.37Vegetables**−** 0.04(**−** 0.10, **−** 0.01)0.12**−** 0.05(**−** 0.10, **−** 0.01)0.10**− 0.10(− 0.15, − 0.04)0.00**Fruit**−** 0.03(**−** 0.08, **−** 0.02)0.200.01(**−** 0.04, 0.06)0.79**−** 0.06(**−** 0.11, **−** 0.00)0.03Fish**−** 0.01(**−** 0.06, 0.04)0.60**−** 0.03(**−** 0.08, 0.02)0.23**−** 0.02(**−** 0.07, 0.03)0.53Olive oil**−** 0.01(**−** 0.06, 0.04)0.680.00(**−** 0.06, 0.05)0.860.00(**−** 0.05, 0.05)0.89Red and processed meat^b^**−** 0.05(**−** 0.11, **−** 0.00)0.05**−** 0.03(**−** 0.08, 0.03)0.30**−** 0.02(**−** 0.07, 0.04)0.59Potatoes**−** 0.01(**−** 0.06, 0.04)0.57**−** 0.05(**−** 0.10, 0.00)0.060.02(**−** 0.04, 0.07)0.55Legumes and soya**−** 0.01(**−** 0.06, 0.04)0.630.01(**−** 0.04, 0.06)0.800.06(0.01, 0.11)0.03High fat dairy^b^**−** 0.02(**−** 0.07, 0.03)0.480.00(**−** 0.05, 0.05)0.99**−** 0.01(**−** 0.06, 0.04)0.61Poultry^b^0.05(0.00, 0.10)0.080.02(**−** 0.03, 0.07)0.430.02(**−** 0.03, 0.07)0.42Heavy drinker**−** 0.04(**−** 0.09, 0.01)0.13**−** 0.01(**−** 0.06, 0.04)**−** 0.71**−** 0.01(**−** 0.06, 0.03)0.44Non-drinker**0.09(0.04, 0.14)0.000.08(0.05, 0.10)0.00**0.05(0.00, 0.10)0.05Bold: significant after correction for multiple testing^a^Adjusted for age, sex, education (years), partner status physical activity, smoking status^b^In the MDS these items are negatively scored, meaning that the direction of association is expected to be the opposite (*b* \< 0) of the other food groups

Table 5The association between standardized food group residuals with current depression/anxiety and remitted depression/anxiety compared to controls corrected for all other food groups (*n* = 1634)Food group residualsRemitted depression/anxiety compared to controlsCurrent depression/anxiety compared to controlsModel 1^a^Model 1^a^Odds ratio95% CI*p* valueOdds ratio95% CI*p* valueNon-refined grains0.89(0.78, 1.01)0.08**0.82(0.71, 0.96)0.01**Vegetables1.04(0.89, 1.21)0.630.89(0.74, 1.06)0.20Fruit0.95(0.83, 1.10)0.510.87(0.74, 1.03)0.10Fish0.95(0.83, 1.09)0.490.99(0.85, 1.16)0.94Olive oil1.07(0.93, 1.23)0.361.02(0.86, 1.20)0.83Red and processed meat^b^0.92(0.80, 1.07)0.290.84(0.70, 1.00)0.05Potatoes0.99(0.86, 1.14)0.890.94(0.80, 1.11)0.47Legumes and soya1.02(0.88, 1.17)0.831.04(0.89, 1.22)0.65High fat dairy^b^0.93(0.82, 1.06)0.300.93(0.86, 1.01)0.36Poultry^b^1.06(0.92, 1.23)0.431.16(0.98, 1.36)0.09Heavy drinker0.91(0.81, 1.02)0.120.90(0.84, 0.97)0.14Non-Drinker1.08(0.93, 1.25)0.30**1.26(1.08, 1.46)0.00**Bold: significant after correction for multiple testing^a^Adjusted for age, sex, education (years), partner status physical activity, smoking status^b^In the MDS these items are negatively scored, meaning that the direction of association is expected to be the opposite (OR \< 1) of the other food groups

Excluding participants using antidepressant drugs affecting appetite \[i.e., TCA's or mirtazapine (*n* excluded = 141)\] did not alter the association between food groups and the severity of depression/anxiety (data not shown).

Discussion {#Sec10}
==========

Examining food groups in isolation showed that higher vegetable intake was related to lower depression, anxiety and fear severity. Higher non-refined grain consumption was significantly related to lower depression and anxiety arousal severity and lower odds of having a current clinically diagnosed disorder compared to controls and these relationships persisted after adjustment for other food groups. Additionally compared to being a moderate drinker, being a non-drinker was associated with greater depression and anxiety severity and greater odds of being currently depressed Thus, these elements appear to be the most important factors within the Mediterranean diet. Analysing the diet as a whole using the MDS showed that a less healthy diet was significantly associated with both depression/anxiety diagnosis and increased symptom severity. Total energy intake was associated with a higher severity of anxiety symptoms, depressive symptoms and a diagnosis of depression/anxiety, although the latter two findings were not statistically significant when allowance was made for multiple testing. In general effect sizes were small, implying that despite significant relationships between diet and depression/anxiety, the impact of food groups on depression was small for the individual patient, but may be of clinical importance on the population level.

Generally, the direction of association of individual food groups was in line with expectations. Thus, for both outcomes, higher consumption of non-refined grains, vegetables, fruit, potatoes, fish and olive oil were inversely related to depression or anxiety severity or lower odds of a current diagnosis, whilst higher consumption of poultry and high fat dairy products was positively associated with higher depressive/anxiety symptoms and depression/anxiety disorder. Only consumption of red and processed meat was not consistent with expectations as a higher intake tended towards lower severity score/odds of a current disorder. This and the fact that the MDS score had the strongest associations, suggests that overall it is the cumulative, and potentially synergistic effect of nutrients from different food groups that are linked to mental health.

In line with previous studies, we found that the Mediterranean diet was inversely associated with depression \[[@CR5], [@CR6], [@CR38]\]. Our participants have slightly lower MDS (mean 32.7 SD 4.9) compared to traditional diets of people living in the Mediterranean area according to the MEDIS study (mean 33 SD 4.0), and where according to the Ikaria study, the healthiest populations score an average of 38.0 (SD 2.7 men, 3.0 women) \[[@CR38]\].

Higher energy intake was associated with a higher severity of anxiety symptoms as well as having a tendency to be associated with current depression/anxiety disorder. This is not surprising as previous studies found that healthier diets, the components of which tend to have lower energy densities, were associated with less depressive symptoms \[[@CR5]\]. Furthermore, higher BMI, which may result from excess energy intake, has been associated with depression \[[@CR39]\].

Studies examining individual food groups had mixed findings, partly due to the varying combination of food groups examined. However, in accordance with our study, higher vegetable consumption has been consistently associated with less depression in studies that investigated multiple food groups simultaneously \[[@CR16]--[@CR19], [@CR40]\] and vegetables as single food group \[[@CR5], [@CR12]\]. Similar to our study, two studies found that higher non-refined grain consumption was associated with a lower incidence of depression \[[@CR19], [@CR40]\]. Additionally, two other studies also found that increased fibre intake was associated with lower depression \[[@CR13], [@CR16]\]. Interestingly, the observation that the direction of associations between red and processed meat consumption was not consistent with our expectations (i.e., we found higher consumption tending towards a lower odds of depression/anxiety disorder) has been reported elsewhere in females \[[@CR18]\]. The authors of this study suggested that possibly meat consumption was a reflection of a better mood state, rather than that a higher meat consumption adversely affected mood. Other evidence for associations of meat consumption with depression comes from studies investigating Western dietary pattern as a whole \[[@CR41]\], rather than its single components (i.e., high intake of red and processed meat, refined grains, sweets and high fat dairy products). Our finding of a lack of association with high fat dairy products and red/processed meat suggests that perhaps the other elements of the Western diet, namely high sugar and fat consumption, drive the association between a Western dietary pattern and depressive symptom, which has been confirmed by other studies \[[@CR42], [@CR43]\].

Contrary to other studies \[[@CR11]\], we found no associations between fish and depressive symptoms. A meta-analysis of 26 studies involving 150,278 participants indicated that high-fish consumption reduced the risk of depressive symptoms. Lack of findings could be due to the generally low levels of fish consumption in the Netherlands, one study reported reduced risk was achieved at 50 g/day \[[@CR44]\], or an unfavourable ratio of white fish to oily fish (high in omega 3-fatty acids). The average daily fish intake in the Netherlands was only 53 g/week of which 25% was fatty fish \[[@CR45]\].

This is the first study to analyse individual food group consumption and its association with anxiety symptom severity. Those with increased anxiety severity have similar food group consumption patterns to those with increased depressive symptoms, also having lower intakes of non-refined grains and vegetables. Similarly, increased symptoms of agoraphobia and social phobias, as measured by the FEAR questionnaire, were also significantly associated with lower vegetable intake along with lower fruit intake.

The MDS classifies both high alcohol and non-alcohol consumption as unhealthy. We found that compared to moderate alcohol intake, being a non-drinker was significantly associated with higher odds of having a current depression and/or anxiety disorder and significantly associated with higher depression and anxiety symptom severity. This might be explained by the fact that depressed or anxious persons are often advised to minimalize the intake of alcohol to improve mood or because some its use may interact with antidepressant use. We cannot exclude the possibility that the association between low alcohol consumption and depression is observed due to reverse causality. Unexpectedly, heavy drinking was not associated with increased odds of a disorder/increased disorder severity. This could be due to insufficient statistical power as there were only 14 heavy drinkers. Furthermore, previous literature has shown that depression is related to drinking larger quantities per occasion as opposed to the frequency of drinking \[[@CR46]\]. Indeed, hazardous and harmful alcohol use has been associated with depression and anxiety in this cohort \[[@CR47]\].

Mechanisms underlying the association between the dietary quality and depression/anxiety are complex and arguments can be made for bidirectional relationships. First, poor (or increased) appetite, weight loss (or gain), poor motivation, and low energy levels are symptoms typically found in depressed persons \[[@CR48]\]. This often leads to changes in energy intake and a reduction in personal health behaviours \[[@CR49]\], and given that healthy diets typically require more time and cooking skills \[[@CR50]\], whereas unhealthy foods are quick and easy to prepare, it could be expected that the diet quality may become compromised. Second, deficiencies in certain vitamins \[[@CR51]\], minerals \[[@CR52]\], and essential fatty acids (such as long chain n-3 polyunsaturated fatty acids derived from fatty fish) \[[@CR53]\] may impact depression by directly influencing biological pathways associated with the pathophysiology of depression. Low levels of folic acid, which is abundant in non-refined grains and vegetables, and zinc, a mineral found in non-refined grain products, have both been associated with depression \[[@CR54], [@CR55]\]. Vegetables are an important source of minerals, fibre, alpha-linolenic acid (i.e., 18:3n-3 PUFA), and vitamins, and other anti-oxidants. Anti-oxidants counteract free radicals and may, therefore, help alleviate oxidative stress, which has been shown to be increased in depressed persons \[[@CR56]\]. Third, diet may influence depression and anxiety indirectly through negatively affecting the gut microbiome and introducing low-grade inflammation, which in turn poses a risk for depression. Alternatively, diet may influence depression and anxiety indirectly through poor metabolic health. Metabolic conditions such as obesity \[[@CR39]\], metabolic syndrome \[[@CR57]\] and diabetes type 2 \[[@CR58]\] have all been associated with depression and consuming an unhealthy diet increases the risk of these metabolic diseases \[[@CR59], [@CR60]\]. Finally, we should consider the possibility that the association between diet quality and depression may have been confounded by social economic status (SES) and income. An increased risk of depression is typically associated with lower SES and income \[[@CR61], [@CR62]\]. Many of the food groups associated with lower depression and anxiety are typically more expensive and more often consumed by those of higher income, SES and education, and although we adjusted for education level, there may have been residual confounding by SES \[[@CR63]\].

The strengths of this study are that we were able to analyse both depression and anxiety disorders, which are highly comorbid, as well as being able to compare symptom severity scores with clinical diagnosis in a population selected to represent a broad range of depression and anxiety stages and severities. Another strength is that the FFQ included frequencies and serving sizes, thereby making the estimation of food intake more accurate. There were, however, also some limitations. The primary limitation is the cross-sectional design, thus precluding any assumptions about the temporal direction. Secondly, assessing dietary intake with a self-report FFQ is prone to misreporting and recall bias. Reporting accuracy in the FFQ could possibly be associated with disorder severity as depression can adversely influence several cognitive functions. Over and underestimation, the latter particularly in obese subjects, of actual food consumption, poor recall and the omission of frequently eaten items from the FFQ are inherent problems. However, we removed those with extreme energy intakes, and added other frequently consumed products.

Conclusion {#Sec11}
==========

We can conclude that non-refined grains and, to some extent, vegetables and alcohol consumption appeared to be the driving variables for the associated the total MDS score and depression/anxiety. However, the combined effect of the whole diet remains important for mental health. These associations were not restricted to depressive symptoms, but also to clinically diagnosed depression and anxiety disorders which had not previously been established. The association was not apparent in those who had recovered from depression or anxiety disorders. It should be explored whether an increase consumption of non-refined grains and vegetables may help to prevent or reduce depression and anxiety.
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